As we known, ants are blind and single ant's capacity is limited. But researchers have studied that ant colonies have egregious ability to search shorter path which loads between their nests and foods. Inspired from this and based on ant colony optimization(ACO), we propose a new approach about attributes reduction of rough sets. Using this approach, we can reduce attributes as maximum as possible, obtain many different results synchronously and reduce the scope of core attributes. Experiment shows that by this new approach, better results can be obtained.
Introduction
The need for discovering knowledge from information increases with the forward rapid development of the recent civilization [1] - [3] . One of the most useful methods for knowledge discovering is the rough set theory(RST ) which proposed by Z. Pawlak [4] . And attributes reduction is one of the most important subjects of RST . Due to attributes reduction is a NP-hard problem, most of approaches about attributes reduction are heuristic [6] , [7] . As an approach of attributes reduction, binary discernibility matrices have many interesting properties [8] . In this paper, we propose a new approach about attributes reduction which based on binary discernibility matrices and ant colony optimization(ACO).
As we known, a wonderful self-organization behavior will usually be produced from the collective behavior of social animals. Take a colony of ants for example, biologists had studied the phenomenon carefully and found that ants cooperate to find shorter routing path by means of indirect communications using a kind of substance called "pheromone" [10] . Inspired from this, ant system(AS) was proposed by Italian researchers M. Dorigo, V. Maniezzo and A. Colorni [13] . This algorithm was proposed to solve the travelling salesman problem(T SP ) firstly. These years, M. Dorigo etc. have expanded AS algorithm, and proposed a new generales optimization technique: ant colony optimization(ACO) [10] . All the algorithms which accord with the frame of ACO can be called as ACO algorithm [14] . Many scholars are attracted to study ACO and in the past ten years the algorithm has been widely applied to the fields of combinatorial optimization, network routing, data mining etc., [15] - [18] .
In the next Section, some preliminaries knowledge about attributes reduction and binary discernibility matrix is introduced. Section 3 is devoted to propose a new approach based on ACO and binary discernibility matrix. Experiment about the new approach is given in Section 4. Conclusion is Section 5.
Preliminaries knowledge
Let an information system be S = U, A, V, f , where U is a non-empty finite set of objects, A is a non-empty finite set of attributes, V = a∈A V a and V a is the domain of a, f : U × A → V is information function. Let R be an equivalence relation on U . And a set of equivalence classes with respect to R is as follows:
Each non-empty subset B ⊆ A determines an indiscernibility relation as follows: 
otherwise.
, ψ is called binary discernibility matrix with respect to S.
denote the core attributes set.
For an information system, attributes reduction is a NP-hard problem. But it can be solved by heuristic approaches. In heuristic approaches, weights of attributes are the most important. And for a binary discernibility matrix M = − → U , A, {0, 1}, ψ , weights of attributes are obtained as follows [11] : 
According to Equation (2), the weight of attribute a 1 can be calculated as follows:
Approach based on ant colony optimization
Let b i (t l )(i = 0, 1, · · · , |A|) denote the number of agents(artificial ants) in node i at the time t l , then m = n i=0 b i (t l ) denotes the total amount of agents. Let τ ij (t l ) denote the amount of pheromone on the edge: (i, j), and tabu k denote the nodes which agent k has gone. 2 , there is an edge connects between node a i and node a j , and ∀(
Definition 4 For a general information system U, A, V, f and its binary discernibility matrix
Then, let all the agents move from Θ till making circles. And the anticipant degree of moving from a i to a j is defined as follows:
Where a j ∈ J k = (A−tabu k )∪{Θ}, and J k denotes the nodes which agent k can go. When
In the iterative process: t l → t l+1 , the probability of agent k select node a j when it is in node a i is defined as follows:
(4) Where, η aiaj is a heuristic parameter which denotes the anticipant degree of moving from node a i to node a j , and α, β are both parameters which denote the significance of accumulated information and heuristic factor respectively. In many cases,
, where d aiaj denotes the distance between node a i and a j . But in this approach, η aiaj is obtained according to Equation (3). After agents making circles, update the amount of pheromone on these paths according to the following equation:
where ρ(0 < ρ < 1) denotes the vaporing parameter of pheromone, 1−ρ denotes the supportable parameter of pheromone, and ∆τ aiaj (t l ) denotes the increaser amount of pheromone on the path: a i → a j in the iterative process: t l → t l+1 . And let
Where, ∆ k τ aiaj (t l ) denotes the amount of pheromone which agent k leaves on the path: a i → a j in the iterative process: t l → t l+1 , and m denotes the number of agents. Let
, if agent k moves through path: a i → a j ; 0, otherwise.
Where Q is a constant and N k (t l ) denotes the number of nodes that agent k has passed(except the node Θ) in the iterative process: t l → t l+1 .
Remark 1 Based on ACO, we can construct an ant system with respect to an information system. Then let agents simulate the real ants to search shorter paths. As we known, ants select paths according to the pheromone left on the paths. Then we define some parameters in order to guide these agents to make circles. And these circles are all the partition consistent sets of the information system. Theorem 1 For a general information system U, A, V, f and an agent is in node a i , ∀a j ∈ (A − tabu k ), η aiaj = 0 if and only if tabu k − {Θ} is a partition consistent set.
On the other hand, when (tabu k − {Θ}) is a partition consistent set, if ∃a j ∈ (A − tabu k ), s.t., η aiaj = 0. And according to above discussion, Theorem 2 Agents make circles(coming back to node Θ) only when tabu k − {Θ} is a partition consistent set in general information system.
, Θ) = 0, so, when an agent is in node a i , η aiΘ = 0, then p k aiΘ (t l ) = 0 if and only if ∀a ∈ J k , η aia = 0(according to Note 1). So agent k make circles, i.e., coming back to node Θ only when ∀a j ∈ J k = (A − tabu k ) ∪ {Θ}, η aiaj = 0 i.e., only when, ∀a j ∈ (A − tabu k ), η aiaj = 0. Then according to Theorem 1, tabu k − {Θ} is a partition consistent set.
Remark 2 According to Theorem 2, agents makes circles are all partition consistent sets in general information system. Then using ant colony optimization, we can obtain many different partition consistent sets synchronously, and we can obtain the partition reduct possibly. Furthered, the minimal reduct can be obtained possibly. Table 2 . is a general information about the status of crops in China(http://www.agri.gov.cn/sjzl/baipsh/WB2005.htm#12). There are 22 objects which represent the years and 11 attributes which represent the outputs of various crops, and denoted as a 1 , a 2 · · · , a 11 .
Experiment

Experiment about reducing attributes as maximum as possible
In this experiment, let α = 1, β = 1, Q = 10, ρ = 0.5, and according to attributes' value orderly, we disperse their domain into average 4 classes which denoted as 1, 2, 3, 4. Then the continuous value information system can be transformed into a discrete value information system. According to Theorem 2, for each agent in every cycle, there is a partition consistent set(partition reduct) correspondingly. Our experiment has been performed 4 times according to 4 different cases: 10 agents and 5 cycles, 10 agents and 10 cycles, 100 agents and 10 cycles, 10 agents and 100 cycles (See Fig 1. ). From Fig 1. , we can find that: for different cases, the number of partition consistent sets or partition reducts which contain 5 attributes is the maximum. And we have affirmed that the number of attributes in the minimal reducts of this information system is 5 when it is dispersed averagely According to the theory of ACO, we may get in the partial optimization sometimes. In this paper, that is partition consistent set or partition reduct with more attributes than other partition reduct. But we can still use this new approach to obtain many results synchronously.
Remark 3
The time cost: T c for this approach can be estimated as: T c ≤ O(m·n·|U | 2 ·|A| 2 ). Where, m denotes the number of agents and n denotes cycle count.
For the binary discernibility matrix − → U , A, {0, 1}, ψ with respect to a given infor-
. And for agent k, when it is in the original node, i.e., Θ, the time cost: t k 1 for selecting next node is: t k 1 ≤ O( |U |·(|U |−1) 2 · |A|). Then, when this agent has select one node, there are |A| − 1 attributes left, so, the time cost: t k 2 for selecting next node is: 1) ). And so on, the time cost for agent k coming back to the node Θ is:
So, for m agents and n cycle count, the total time cost: From Fig 2. , we can obtain affirmance of the time cost in this experiment, and we can reach a conclusion that the time cost is polynomial with numbers of attributes, objects, agents and cycle count, not exponential. 
Remark about obtaining many different results synchronously and reducing the scope of core attributes
When using the approach which based on weights of attributes to reduce information system, we can obtain only one result always in this experiment. Based on the discussion above, for kinds of cases(different numbers of agents or cycles), we can obtain at most a × b partition consistent sets. Where a denotes the number of agents and b denotes the number of cycles. In despite of that there are much of the same results, we can still obtain many different results synchronously through this new approach. Then these different results can be selected to make different decisions. And according to Definition 3., ordinarily, the more different partition consistent sets(partition reducts) we have, the smaller scope of core attributes is. Because we can obtain many different results(partition consistent sets or partition reducts) using this new approach, then we can reduce the scope of core attributes. Later, we can use the most important attributes in restricted cases.
Conclusion
In this paper, we present an approach about attributes reduction based on ant colony optimization(ACO).
By this approach, we can obtain the results as simply as possible and reduce the scope of core attributes in order to assist managers. In the future, we can apply this approach into much larger information systems and knowledge reduction of decision information systems.
